chloroethylene (TCE), 1,1,1-trichloroethane and dichloroethylenes are the most frequently detected of these compounds [1, 2] . Trichloroethylene, used for many years as a degreasing solvent in dry cleaning and metal finishing industries, is a carcinogen in animals [2, 3] . Chlorinated alkanes and alkenes undergo biodegradation very slowly in grouadwaters [4] . The problem is compounded by the action of anaerobic bacteria that biotransform TCE to vinyl chloride, an even more potent carcinogen [4, 5] .
There are several methods available to remediate groundwaters contaminated with organic compounds. Surface waters and waters withdrawn from the subsurface can be treated by adsorption of these compounds onto charcoal, gaseous-phase air stripping, chemical oxidation or biological processes. Biological and chemical destruction processes derive advantages from the partial or complete destruction of the contaminants [6] . However, adsorption, air stripping, and precipitation only transfer the compounds to other sites in the environment.
In situ bioremediation by stimulation of indigenous microbial processes or by inoculation of subsurface environments have been considered as options for removing low-molecular-weight hydrocarbons from contaminated waters. Biostimulation of indigenous microflora by addition of nutrients to waters contaminated with low-molecular-weight halogenated hydrocarbons may result in the complete mineralization of most of these compounds. In addition, these techniques utilize only naturally occurring microbes, the treatment migrates with the water in the subsurface and the processes are generally economical [6] . Several potential disadvantages include inhibition of microbes by natural or polluting chemicals, adverse effects of nutrients (odor, increased growth of microflora, etc.), plugging of aquifers and interference with water migration. The lack of knowledge of long-term effects has been recognized by Lee et al. [6] .
Lack of detailed knowledge of the environmental flora present and their metabolic activities is a major impediment to the design of remediation programs involving biostimulation. Several studies have shown that aquifers contain 10 6 to 10 7 viable bacteria per gram of material and that these bacteria are nutritionally diverse [7] . Despite the limited information available, amendments of soil with specific nutrients have stimulated the biodegradation of halogenated hydrocarbons like TCE. For example, natural gas stimulated biodegradation of chlorinated ethenes in sediment samples and mixed bacterial cultures [7] .
Recently, stu~Lies with pure cultures of bacteria have begun to rcJeal the diversity of types able to biodegrade TCE. Several laboratories have shown that pure cultures of methanotrophic bacteria degrade TCE [8] [9] [10] . Aerobic bacteria that oxidize toluene and form toluene dioxygenase [11, 12] , Escherichia coil clones that carry the toluene monooxygenase gene [13] and Nitrosomonas europea [14] , an ammonia-oxidizing bacterium, also degrade TCE.
A survey was conducted examining fourteen different bacteria that express non-specific oxygenases to catabolize linear alkanes, cyclic ketones, camphor, nitroalkanes and chromenes. Of those examined, only propane-oxidizing bacteria degraded TCE [15].
THE RELATIONSHIP BETWEEN TRI-CHLOROETHYLENE DEGRADATION AND SOLUBLE MMO IN M. TRICHOSPORIUM 0B3b
Methylosinus trichosporium 0B3b, an obfigate type II methanotroph, oxidizes TCE at rates exceeding 1.2 millimoles per gram dry weight per hour [10] . This rate is at least one order of magnitude higher than rates observed with other pure or mixed cultures. The highest rates of TCE oxidation are observed in continuous cultures of M.
trichosporium 0B3b grown in a mineral salts medium with 1.0 micromolar copper sulfate or less [16] . Soluble MMO is synthesized by some methanotrophs when copper concentrations are reduced in mineral salts media, while a particulate enzyme with a more restricted substrate specificity is present in cells grown in media with higher concentrations of copper sulfate [16] .
In the present study, M. trichosporium 0B3b cells were grown in shake flasks in mineral salts media, harvested during exponential growth (0.35-0.45 g/1-1) and examined for their abilities to oxidize methane and TCE (Table 1 and Fig. 1 ). The data indicate that TCE oxidation occurred only in c~lls grown in media with less than 0.25 b Concentration of copper sulfate added to the mineral salts medium. © TCE oxidation rates were measured as previously described [10] . Methane oxidation rates were 3.0-5.3 mmol/8 per h as measured in a Rank oxygen electrode. micromolar copper sulfate. The specific rates of methane oxidation in cells grown at all copper levels did not vary significantly. The cells able to oxidize TCE were shown to synthesize soluble MMO components as detected by Western blotting, using antibodies raised against purified soluble MMO proteins (Fig. 1) . The results of an experiment presented in Table 2 and Fig. 2 demonstrate that cells grown in shake flasks in media with 0.15 micromolar copper sulfate had the ability to degrade trichloroethylene at high rates after the culture density reached 0.8 g/l -~. The three hydroxylase subunit proteins, the reduetase and component B of MMO were detected ~ W~..o~te,--blots, using speo~l~ an~es-m e~"~'~'-d~t"~ harvested after the cell density of the culture reached 0.'? g~-~. The alpha and beta hydroxylase components (arrowheads, Fig. 1 and 2) were detectable in stained gels in samples that actively oxidized TCE. The specific rates of methane and methanol oxidation remained relatively constant throughout growth of the culture.
When higher levels of copper sulfate were added to the minimal media, the expression of soluble MMO was delayed. In "Methylosporovibrio methanica 81Z', the ratio of the biomass in a culture to the copper sulfate concentration in the media determined the time of onset of TCE degradation [16] .
Methylosinus trichosporium 0B3b cells that possess soluble MMO also degrade cis-l,2-dichloTetrachlo~oethy~ene was no'~ O~graded. P~r~ficd soluble MMO shows the same substrata: spezificity with the chlorinated alkenes as whole cells containing soluble MMOs (Fox, Wackett and Lipscomb, unpublished [6] . They are relatively inexpensive and readily available in the form of natural gas, liquefied petroleum gas or propane. Furthermore, they are non-toxic, unlike toluene that induces toluene oxygenases. The major disadvantages of using gaseous inducers are their relatively poor solubilities, the requirement for oxygen as a cosubstrate and the explosive hazards of these gases above critical levels in air. Propane alone, or with n-butane and iso-butane, has been shown to stimulate growth of bacteria that degrade trichloroethylene in model systems [7] and we have shown that five pure cultures of Mycobacteria that metabolize low-molecularweight alkanes also degrade TCE [12] .
Methanotrophs rapidly degrade TCE when grown in media with low concentrations of copper sulfate, a condition that allows the expression of soluble MMO. It is important to understand the cultural conditions required for optimal expression of oxygenases in order to achieve the most efficient and economical removal of chlorinated hydrocarbons from contaminated waters.
While the oxygenases of aerobic bacteria do not attack carbon tetrachloride and tetrachloroethylene, contaminants that frequentb occur in groundwaters, these compounds are reductively de, chlorinated to chloroform, methylene chloride, trichloroethylene, dichloroethylenes and vinyl chloride [8, 20] . The products of reductive dehalogenations are degraded by the aerobic bacteria described in the present paper.
